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There is a potential to utilize a significant amount of renewable energy in Sweden and European union 
(EU). Biomass can fulfil some 8500-12,500 TW h/y in EU, while the total utilization was 16,084 TW h/y 
2009. Even though there is a significant amount of wind power, hydro power and potentially also solar 
power, it still is most economical to reduce the consumption of heat, electricity and fuels for vehicles. A 
saved kWh is normally cheaper than to produce one extra. In this paper different opportunities for saving 
energy will be discussed. This includes manufacturing industries, process industries, power plants and 
energy systems including distribution of power and smart grids, food production and transportation. 
There is also a major potential to save energy in buildings, both in the north where it is cold, and in the 
south where it can be very hot summer time. Here the potential is to avoid cooling instead. Technical 
solutions as well as economic incentives are covered. Environmental aspects are addressed, so that the 
solutions will be long term sustainable. 

© 2012 Elsevier Ltd. All rights reserved. 


1. Introduction 

There is a major interest to reach a sustainable energy balance 
for the whole world as soon as possible to both avoid negative 
effects of global warming as well as to avoid significant economic 
problems when the oil and gas resources become scarce and 
expensive to utilise. There has been an increasing demand of oil 
globally for many years while new resources are not found to 
compensate for this. As the easy to produce oil sources are 
depleted, the technology to produce more oil will become more 
and more complex and expensive. This will cause problems for the 
global economy. If we can then instead change to use renewable 
energy these problems may be overcome. Still, we are spending 
a lot of energy in the EU 27 and should look for the potential to 
reduce the consumption of resources as well. As this is normally the 
most economic action it is also very interesting for the competi¬ 
tiveness of EU 27 in the future. In this paper we discuss both the 
available resources, as well as the potential to increase the amount 
of useful renewable resources. Also other actions for reductions of 
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consumption are exemplified. We also will discuss different 
incentives for motivating actions for the reduction of consumption 
as well as for the production of electricity without utilising fossil 
fuels. 

2. Energy consumption patterns 

In EU 27 the distribution between different uses of energy is as 
seen in Table 1 below. The primary energy used to produce this was 
16,084 TW h/y in 2009 according to the figures presented by 
Eurostat [1]. As can be seen, the single most important energy use 
from a quantitative point of view is for transportation. This includes 
both personal and goods transportation. Transportation also is the 
type of use consuming most fossil fuels. The second largest use is in 
industry. Here we have an easier task from the perspective that 
saving energy also is very often increasing the competitiveness of 
the industry, although there will be initial investment costs. Energy 
use in households and service is to a large extent related to heating 
and cooling of buildings. It is easier to make low energy solutions in 
new building, but a bit more complicated and expensive in retro¬ 
fitting existing ones. Still, individual consumption patterns vary 
a lot and if everyone follows “best practice” there is a good potential 
to save energy by changing the individual consumption patterns. It 
is not uncommon that persons with principally the same family 
situation in neighbouring apartments have differences in 
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Table 1 

Eurostat figures for final energy consumption in TW h/year 
for EU 27, 2007. 


TW h/year 

Industry 

3755 

Transportation 

4388 

Households 

3310 

Agriculture 

323 

Service etc 

1689 

Total 

13,465 


Table 2 

Apartments with highest and lowest total electricity (kWh) consumption, apart¬ 
ment number and m 2 . 


Year 

Highest kW h/y 

Apartm no 

m 2 

Lowest kW h/y 

Apartm no 

m 2 

2004 

10,950 

18 

80 

2015 

8 

62 

2005 

11,132 

18 

80 

1953 

8 

62 

2006 

6903 

5 

80 

1309 

10 

79 

2007 

6562 

7 

95 

1645 

8 

62 

2008 

6626 

5 

80 

1632 

8 

62 

2009 

6287 

5 

80 

1584 

8 

62 


consumption with a factor of five times or more! In Fig. 1 below we 
see some examples from Swedish households. It is from 19 apart¬ 
ments in two buildings in Vasteras, all with two grown-ups in each 
apartment. This shows that there is a potential also without any 
rebuilds, if people become aware and see the effect of their use. 
Buying the most energy efficient equipment here can be very 
important, as well as shutting off appliances when not in use. 

In Table 2 we also see the highest and lowest consumption 
during 2004-2009. A questionnaire was sent to the 24 apartment 
owners, although only 19 were answering, and thus are presented 
in the Fig. 1 [2,3]. 

During 2004-2005 we see a five fold difference in consumption 
while it is slightly lower, approximately 4 times, during 
2006-2009. From the questionnaires we can see that there is not 
a single explanation to the differences. One common feature still 
seems to be that those who can afford it consume more than those 
having a bit lower household incomes. This may sound logical, but 
it is also interesting to note that those who are most interested in 
energy savings are those consuming most. This also may be logical, 
but also promising, as here we have the highest potential for energy 
savings and also they can afford buying more efficient appliances. 

In Fig. 2 we see the heating energy for offices as a function of 
outdoor temperature [4]. These values are for several thousand 
offices and commercial buildings at central-southern part of 
Stockholm. It is interesting to see that the heat demand is higher 
during week days (red) when there are people and computers 
giving heat compared to week-ends (black) when neither heat 
sources normally are present. 

Logically it should be a lower need during week days when each 
person will produce some 100 W of heat and each computer 
roughly the same. The conclusion is that we ventilate so much that 
we cool the buildings and this gives an increased heat demand. 
With a better control of the ventilation the heat demand could be 
reduced with some 30% according to the figures seen in this study. 

In Fig. 3 we have a plot of the national income in relation to the 
per capita energy consumption for a number of EU countries. 

In other cases we get too much heat due to heating through 
windows summer time or cooling through poor insulation or heat 
leakages winter time. By improving these functions it should be 
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possible to reduce the energy demand from in the range of 
150-250 kW h/m 2 , y today to <50 kW h/m 2 , y when the new 
regulatory demand for heating the buildings are implemented, if 
we look at Scandinavian figures. 

In Table 3 we can see how the energy is used for different 
purposes in EU homes. Roughly 60% on an average is used for 
heating, and here the potential savings as shown above could be 
relevant. This means a potential reduction by some 60%*(l-(50/ 
200)) = 45% of the total household energy if we extrapolate from 
the discussion from Sweden above. This would mean some 
3310*0.45 = 1490 TW h/y. On the other hand we buy more and 
more electric apparatus, but hopefully they will be more and more 
efficient. 

In “the new world” new type of electrical machines and appli¬ 
ances are being used more and more. Television sets (TV) we have 
had for many years, but now they also have become wide screen 
and several units in every home. Earlier we had Personal 
Computers (PCs) at the office, but now most families have one or 
more at home, and we use them more and more as well. According 
to ref. [6] TV sets were actively used 3.5 h and standby 20 h per day 
at an average in EU homes. Desktop and laptop PCs were used 
4-5 h/day actively and 8 h networked standby. The investigation 
was made 2004-2006. Altogether this means an increased use of 
electricity which also produces heat. In warm climates the heat 
needs to be removed. In cold climates the heat may be needed, but 
using electricity for heating is to use high value energy where 
biomass or heat pumps could be used instead, which would be 
better from a system perspective. 

One factor of very high importance for electricity consumption 
is the lightning. By replacing wire lamps and fluorescence lamps 
with Light Emitting Diode (LED)-lamps we could save some 
100-150 TW h/y in EU 27, depending on the time the lights are on. 
There are no exact figures for this, but as we can see from Table 3 
lightning is approximately 10-15% of all energy use in house¬ 
holds, and it is even higher in offices and services. Generally LED 
lamps will consume 50% of the corresponding fluorescence lamp, 
and 10% of the wire lamp. As the wire lamps still are 30% of all 
lamps, the reduction figures above can be reasonable. Due to new 
EU regulations wire lamps are being replaced by low energy fluo¬ 
rescence lamps right now, but it will take some time before the LED 
lamps take over totally. 

Another aspect that is important for us all is food wasting. 
Investigations in the UK indicate some 30% wasting, while some 
Swedish investigations indicate 10-20%, but probably 20% is more 
correct. If we can reduce the wasting by better logistics and control 
of the storage this could probably reduce the energy consumption 
by some 10%. This would mean 150—200 TW h/y, as the energy in 
the food is approximately 1000-1300 TW h/y + 500-650 TW h/y 
for the production, or 1500-1950 TW h/y altogether. 

3. Transportation 


Fig. 1 . Electricity consumption in 19 apartments in Vasteras, Sweden during F° r transportations the higher price on oil products is giving 

2004-2009. a significant incentive to reduce consumption, but here also the 
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Fig. 2. Consumption of heat (kW/l<Wmax)*100 as a function of outdoor temperature in 
offices in Stockholm city week days (red) respectively week-ends (black) [4]. (For 
interpretation of the references to colour in this figure legend, the reader is referred to 
the web version of this article.) 

risks of global warming drive the authorities to increase taxes as 
well. Another tool is subsidies for fossil fuel free alternatives like 
electric vehicles, although this demands fossil fuel free electricity 
production as well. 

According to ref. [7] ACEA, European Automobile Manufacturer’s 
Association, 87% of the cars are private cars. 63.8% are having 
gasoline-engines, 33.7% diesel and 2.7% others. The power has 
increased from 60 to 85 kW on an average between 1990 and 2008, 
but was 83 kW in 2010. 

In a report Enerdata [8] presents different scenarios for oil 
consumption and renewables for transportation. In 2007 we have 
a base consumption of 58.8 g oil/km, 2010 55.6 g oil/km. For plug- 
in-hybrids this is given to be 27.1 g oil equivalents/km, from which 
18.2 as oil, the rest as electricity. For pure electric vehicle the 
assumption is calculated to be 12.1 g oil equivalents/km with an 
average electricity production mix for EU. 

The total consumption for vehicles on the roads for EU 27 then 
would be 292 Million tonne oil equivalents (Mtoe) from which cars 
consume 167 and light trucks 42. In Enerdata’s base scenario the 
total consumption would still be 284 Mtoe 2030, but where they 
believe it could be possible to reduce the total consumption to 
237 Mtoe, from which 16 Mtoe from electric and 16 Mtoe from 
bioenergy + hydrogen. 

We believe these figures are far too conservative. Instead there 
should be only plug-in-hybrids and electrical vehicles by 2030. 



toe/household,y 

Fig. 3. Energy consumption as toe/household, year versus income per household as 
1000 €/household, year for a number of European countries sampled from ref. [5]. 


Table 3 

Split of household energy on different type of means in % in some EU countries 
2005 [5]. 



Appliances/lightning 

Cooking 

Water heating 

Space heating 

Sweden 

17 

2 

22 

59 

UK 

15 

2 

22 

61 

Spain 

20 

4 

33 

43 

Greece 

19 

4 

7 

70 

Bulgaria 

23 

6 

6 

65 

Italy 

17 

5 

8 

70 


When the new technology has been accepted it will take over 
totally, as it will reduce the cost for fuel significantly. As approxi¬ 
mately 70% of the travels are shorter than 50 km we can assume 
70% electric and 30% fossil fuel of all travels. This would mean 
292*(0.7*12/58.8 + 0.3*27/58.8) = 82 Mtoe 2030, and the actual 
fuel then should have biomass origin and not oil. The biomass can 
be converted to biogas, ethanol, bio-diesel or similar. This means 
a reduction from approximately 2920 TW h/y to 820 TW h/y for 
transportations related to personal transport (=-72%). 

The transportation of goods will be a bit more difficult to reduce 
as far, but the potential should be at least some 30-40%, if more 
transportation is done using railway transports and new plug-in- 
hybrids also for trucks. In Sweden right now tests are initiated 
with direct electric transfer to heavy vehicles during transport on 
the major high-ways by both induction and wires. This could be 
a very important complement to the railways in all EU in the future. 

4. Consumption reduction in industry 

In Table 4 the reduction potential in different industries are 
seen. These are our own estimates from different studies we had 
done earlier [9]. Here the driving force is to increase the profit¬ 
ability, and higher energy prices thus will drive the reduction 
directly. For both non-ferrous and ferrous industries the major 
potential for savings is to reduce scrapping. This can be done by 
better automation and control all the way from casting over 
formation to use in different applications. If we have a rough 
surface we need to grind this to smoothen it. The edges often have 
different properties than the bulk, and thus are cut off. By 
controlling these properties better we can reduce the scrapping by 
at least 10-20%. Of course it is not an easy task. If it had been, it 
would already have been done. But just because it is difficult, it also 
will give the ones who can control it a strong competitive edge and 
thus strong incentives should exist. 

For cement industry we also have strong advantages with better 
control. This includes the temperature distribution and the heat 
transfer in rotating respectively down draft reactors. For cement 
furnaces the task is easier as we don’t need to consider the risk of 
sintering, which is otherwise a risk for lime in pulp mills. In both 
cases the risk for ring formation is a problem, and should be avoi¬ 
ded. For cement industry we also see a vast potential to use biomass 
and waste instead of fossil fuels. 

Table 4 

Reduction potential in different heavy industries in EU. 


TW h/y 


Non-ferrous metal 

15 

Ferrous metal 

250 

Cement industry 

30 

Pulp mills 

30-50 

Paper mills HC formation 

28-45 

Lime kilns 

7 

Total savings potential 

310-340 
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For pulp mills there is a significant potential to reduce the 
primary steam consumption by using the steam more efficiently. By 
better control and add-ons of new heat exchanger area this can be 
achieved. More evaporation steps, optimal dosage of chemicals and 
optimal heat profile in the digester as a function of the wood quality 
are some actions to fulfil this. In the paper mill we today normally 
dilute the fibre suspension to some 0.5% DS. By increasing this to 5% 
the amount of water to handle would be reduced from 200 m 3 / 
tonne fibre to 20 m 3 /tonne fibre. This High Consistency (HC) 
formation will give a significant reduction of energy losses but also 
reduce the amount of chemicals needed in the processing, and give 
a reduction of water treatment problems. 

All together this would mean reductions in the range 
310—340 TW h/y. If we would add other industries like chemical 
industry, food and electronics, this would increase even a bit 
further, although we haven’t addressed these industries specifically 
in this paper. 

5. Energy resources and electric power production from 
renewable energy resources 

There are many different renewable energy sources available in 
Europe. The most important one is biomass, as this gives us an 
opportunity to store the energy in an efficient way. If we make 
a rough estimate of the available biomass resources from agricul¬ 
ture and forestry we end up at some 8500-12,500 TW h/y for EU 
27. This is under the assumption that we have a total production of 
10-15 ton DS/ha, year for agriculture crops and 1.9-2.5 ton DS/ha, 
year for the forestry. The lower figures are the actual figures for 
cereals respectively forestry in Sweden and Northern Europe, but 
should be reasonable also for the rest of EU 27. For cereals it 
includes both the grain and the straw, although figures normally 
only are given for the grain in official statistics. The higher figures 
are reasonable estimates if we focus development work on 
increasing the total biomass production, and not only the grain part 
in the future. With these assumptions we get a total biomass 
production of 6900-10,400 TW h/year from agriculture and 
1600—2100 TW h/year from forestry. The biomass can be used in 
many different ways: for electricity, vehicle fuels and for heating 
and process energy purpose. Also it is a raw material for paper and 
potentially plastics, chemicals etc. Of course also the most impor¬ 
tant function is as food and fodder. The conversion of biomass can 
be by combustion, gasification, fermentation, pyrolysis, torrefaction 
or digestion, but we will not discuss all these possibilities in this 
paper. 

Besides the biomass we also have a huge potential for wind 
power. European Wind Energy Association (EWEA), launched 
a new report recently, “EU Energy Policy to 2050” [10]. Here they 
claim that wind power could produce 28.5% of the electricity 
demand in EU by 2050, and 14% of the demand by 2020. This is 
according to the EWEA President Arthouros Zervos referring to the 
Member States’ National Renewable Energy Action Plans. 

9.3 gigawatt (GW) of new wind power capacity was installed in 
the EU during 2010, reaching a total of 84 GW by the end of 2010, 
according to figures released by the European Wind Energy Asso¬ 
ciation (EWEA). While offshore wind power installations grew by 
51% from 582 MW in 2009 to 883 MW last year, onshore wind 
power installations (8.4 GW) were down 13.9% compared to 2009 
(9.7 GW). Still we have to be aware of the fact that the wind is not 
blowing all the time. It can be design winds perhaps 30% of the year 
in offshore installations, while only 10-20% in inland installations, 
depending on where the wind power plant is located. The 84 GW 
could give some 150-200 TW h/y while the production could be 
around 1000 TW h/y by 2030 according to the development plans 
presented by different wind companies. In Sweden the national 


goal is 30 TW h/y and 15 GW by 2030, but already today wind 
power companies are projecting for 105 TW h/y only in Sweden! 

In terms of annual installations, Spain was the largest wind 
power market in 2010, installing 1516 MW, compared to Germany’s 
1493 MW. France was the only other country to install over 1 GW 
(1086 MW), followed by the UK (962 MW), Italy (948 MW), Sweden 
(604 MW), Romania (437 MW), Poland (382 MW), Portugal 
(363 MW) and Belgium (350 MW). All these figure are from Euro¬ 
stat 2010 [1]. 

A third major potential energy resource is the direct solar 
power. In 2010 12 GW Solar Photovoltaics (PV) capacity was 
installed (21.7% of total capacity of new production in EU). This is 
remarkable as it is significantly more than the wind with 
9300 MW (16.7%), 4056 MW (7.3%) of coal, 573 MW (1%) of 
biomass, 405 MW (0.7%) of CSP (concentrating solar power), 208 
(0.4%) of large hydro, 200 MW (0.4%) of peat, 149 MW (0.3%) of 
waste, 145 MW (0.3%) of nuclear, 25 MW of small hydro, 25 MW of 
geothermal, and almost zero MW of tidal and wave capacity were 
installed. The installation of fossil gas fuelled plants was 28 GW, 
representing 51% of total new installed capacity. It should be 
noted that all these figures are installed capacity for electric 
power, and it relates to maximum capacity, and not average 
values. Still, it shows where we are heading. In Portugal the wind 
power contributed to 101% of all electricity production November 
2009-February 2010 according to a presentation at World 
Renewable Energy Congress (WREC) in Abu Dhabi in September 
2010. This shows that the renewable energy resources are of high 
importance already today, and not only future possible technol¬ 
ogies. The installed capacity long term will depend on both cost 
for PV cells and how the power versus energy can be handled. 
With new business models we could redistribute the load to time 
when it is sunny and windy, and thus the benefits with both wind 
and solar power will be optimal. 

Other major resources for electric power production are hydro 
power and nuclear power. In Table 5 we can see that they are 
almost of the same capacity; nuclear 127 GW and large hydro 
121 GW and small scale hydro 5 GW. The total installed capacity of 
solar power using PV cells is 25 GW, while concentrating solar 
power (CSP) has a capacity today of 0.4 GW. 

If we just look at the electric energy production it was 
3400 TW h 2007 [11]. 29.5% was from nuclear power, 20.1 from 
natural gas, 18.3 from coal + oil, 10.2% from hydro, 2.7 from biomass 
and 2.4 from wind power. This means 44.8% was from non-fossil 
resources and 15.3% from “true” renewable resources. If we were 
using biomass also for electric power production in cogeneration 
plants, we could already today be independent of fossil fuels if we 
could balance the demand and the production capacity in a good 
way. 


Table 5 

Electric power production by different means in EU 27 at the end of 2010 by Eurostat 
[ 2010 ] [ 1 ]. 


Large hydro 

14% 

(120,578 MW) 

Wind 

10% 

(84,278 MW) 

PV 

3% 

(25,300 MW) 

Biomass 

1% 

(5851 MW) 

Small hydro 

1% 

(4843 MW) 

Waste 

<1% 

(3703 MW) 

Geothermal 

<1% 

(1466 MW) 

CSP 

<1% 

(435 MW) 

Tidal & wave 

<1% 

(245 MW) 

Coal 

26% 

(231,050 MW) 

Fossil gas 

24% 

(212,131 MW) 

Nuclear 

15% 

(127,383 MW) 

Fuel oil 

6% 

(54,735 MW) 

Peat 

<1% 

(2030 MW) 
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6. Different type of incentives 

There are many different possibilities to reduce energy use in all 
areas - industry, households and transportations. Some actions 
demand significant technical development, while others demand 
more concrete incentives to achieve the reduction using existing 
technologies. 

Incentives can be both economic like taxes, subsidies and 
different regulatory actions like maximum kW h/m 2 , y energy use 
in new buildings, as well as creating an awareness of the need for 
reducing consumption from a societal and environmental 
perspective. 

It can be interesting to see what the impact of different actions 
have been historically [12]. After the nuclear power referendum 
1980 in Sweden the politicians were talking a lot about a transfer to 
renewable energy in different forms. Still, no economic incentives 
were implemented, and nothing really happened. So in 1992 an 
agreement was made to introduce a tax for fossil carbon. It was 
1.6 c€/l<Wh, and within 15 years the use of biomass increased from 
approximately 55 TW h/y to 132 TW h/y in 2010. Also the technical 
development has been strong as a function of economic incentives. 
There has been a subsidy for wind power by reduced taxes, which 
has made this technology expanding a lot, and as we mentioned 
earlier new capacity around 105 TW h/y is projected today in 
Sweden. In Germany the feed in tariff of approximately 0.4 €/kWh 
for solar power and 0.1 €/kWh for wind power gave a very strong 
expansion of these two technologies. With the right incentives, and 
this normally means economic incentives, new production can be 
increased. 

Concerning saving energy the incentives are different. Here 
Sweden had a very good example where industries could reduce 
tax if they made investments to save energy. Higher electricity price 
as such also gives positive results on savings, although the indus¬ 
trialists normally complain a lot about how negative high electricity 
price is on economically competitiveness. Actually there are huge 
potentials for energy savings in industry and all other sectors as 
described earlier, if just the economic incentive is there. Differen¬ 
tiated price depending on the actual production capacity will most 
probably be more common in the future when we have much more 
solar and wind power. This also will follow the expansion of the 
electric grid as well as automation to fulfil the load shedding and 
similar to follow the actual price continuously. Means to balance 
energy need by using batteries and local production also may 
increase as a response to higher price if you want to be indepen¬ 
dent. In the future it may be that we will see much more local or 
regional prices changing within a few hours due to problems to 
supply power, and an automatic reaction to this depending on what 
type of agreement you have signed with your power supplier and 
perhaps also the distributor. Perhaps we will see something like the 
Google algorithm used to analyse local consumption patterns on¬ 
line. The future may be very different from what we have been 
used to! 

7. Discussion and conclusions 

If we now try to summarize we can first see that today’s primary 
energy use was 16,084 TW h/y 2009 and the actual consumption 
13,465 TW h/y in EU 27. At the same time we concluded that we 
have available biomass resources in the range of 8500 with 
a potential production capacity of approximately 12,500 TW h/y for 
EU 27. Wind power is already today producing some 100 TW h/y but 
with a potential for at least 1000 TW h/y, and for solar power we 
could have a potential production of several hundred TW h/y within 
some 20 years. Hydro power is today 10.2% of the total 3400 TW h/, 


that is 350 TW h/y, while nuclear power is 29.5% or 1000 TW h/y. If 
we accept nuclear as a non-fossil resource the available non-fossil 
resources would be (8500-12,500) biomass + (100-1000) 
wind + (5-200) solar + 350 hydro + 1000 nuclear = 9955 to 
15,050 TW h/y. 

If we then summarize the potential savings these will add up as 
follows: buildings (1490) + lightning (100-150) + reduced food 
waste (150-200) + transportations (2100) + heavy industry 
(310—340) = 4150-4280 TW h/y. If we reduce this from the present 
16,084, we end up at 11,800-11,900 TW h/y gross energy. If we stop 
using 1000 TW h/y nuclear power it would mean a reduction of 
losses with approximately 2000 TW h/y, and the net consumption 
would be some 10,000 TW h/y instead. This is at the lower end of 
the production capacity span, and shows that the possibility to 
become fossil energy independent for EU 27 within at least 40 years 
is quite significant. Of course we also have to look for environ¬ 
mentally good solutions for the biomass production as well as for 
the installations of new power plants of all kinds, but this will have 
to be discussed somewhere else. 
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